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Motivation for the Module Crash Test

» Test has to fulfill several objectives
« Main Objectives

— Demonstrate compliance with high pressure vessel codes

» In other words: Demonstrate that - even in case of a major problem
(e.g. accident) occurs - the problem remains contained to the cryostat

— Crosscheck of numerical calculations for pressure drops
— Demonstrate that selected safety measures are effective

» E.g. safety valves positioned correctly, relief valve pressure limits
correct etc.

 Additional Objectives
— Crosscheck interlock philosophy

— Understand which parts of the module would really need to be replaced
(cavities, couplers, motors, piezos etc.)

— Improve understanding of interplay of the various components
— Develop simple series pressure tests
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Sequence of tests in Module Crash Test

The European

XFEL

X' Ray Lase I" P I"OJ eCt X-Ray Free-Electron Laser

rJenting Condition Cavity Coupler Tuner |Cryo BFM Vacuum IRemark
ranaluw 2F, 30 mban ICheck |Measure losses Measure Helium
FLF Off Fiszio Fate and Level thd.
pler 2K, 30 mbar Ferfomance Measure losses Measure Mifrogen
R.F Off Feprocessing Fate and Level thd.
; Pk, 30 mbanPerformance Measure losses Measure Mifrogen
F.F Off [Cetuning ~ate and Level thd.
Feprocessing
Ferformances - ontrolled,
[C=tuning F.ate thd,
Feprocessing Hifrogen
Ferformance K- atastrophic,
[C=tuning AT
Fleproceasing
Pk, 30 mba - ontrolled,
RF Off Fate thd,
hit’cgen
2k, 30 mba - ontrolled,
RF Off FLate thd,
Hifrogen
2K, 30 mba - atastrophic,
RF Off LT
K, 30 mba - ontrolled,
RF On Fate thd,
hit’ngen
4 5k, Air,
Eeed to block 2
afety valves
WD1RA30 and
VETRED0)

Lutz Lilje, DESY, TILC08

£




The European XFEL

X-Ray Laser Project irayrree

Motivation for Pressure ant Venting tests in CHECHIA

« Safety regulations are taking into account the current
‘wisdom’ included in simulations

— Based on several worst case scenarios

— Benchmarking in operating conditions (cold modules) of these
simulations is needed

 |In parallel, development of a simple pressure test for the
series is highly desirable

— Pressure test of the He vessel to simplify overall pressure test
for the XFEL accelerator system

» In my words: If test on individual units e.g. cavity is
successful, lower pressure on the He system for XFEL is
required.

* Venting of the coupler vacuum
— Preparation for crash tests

» would like tc_) e_sca_late the_desaster level in a reasonable
way to maximise information from test

— Check whether ceramic breaks in a fast vent with nitrogen
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C26 Test at 2K and 295K

 Test at 2K with max. pressure of 6.1bar
—Safety authority took part

* Two tests at 295K up to 6.2bar

— First warm test canceled because a leak in He circuit of the
cryostat

1 Test at 2K a. 4K
—Check the field flatness and tuning

Lutz Lilje, DESY, TILC08
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First Cold Test at 2K

- Test procedure:
» Cavity stable at 2K/31mbar — fr off-resonance
Pressure on 2K circuit up to 4,0bar

Cavity for 1/2h under pressure
— during this time the pressure go up to 6,1bar

No increase of pressure or leak rate
— higher leak rate due to surface desorption — no leak!

Pressure on 2K circuit down to 1,0bar
— Frequency and field flatness checked at different pressures
— Frequency identical at 1,0bar before and after the pressure test.
— No impact at the filed flatness
— No plastic deformation at the Cavity, Tunersystem or He-Vessel
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Cavity Spectrum

Spectrum of cavity C26 changed proportional from the pressure in the tank.
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First Warm Test at 290K

- Test procedure:
- Cavity 290K/1000mbar
- Pressure on 2K circuit in steps up to 6,0bar
- Cavity under different pressure conditions
2,0bar — okay
3,2bar — okay
4,5bar — okay
5,9bar — okay
~6,0bar — increase of pressure and leak rate in the insulation vacuum
- Pressure on 2K circuit down to 1,0bar
- Frequency ~140kHz higher on 1,0bar before pressure test.
- Check of filed flatness at 290K in CHECHIA difficult - Gennuadi
- Leak was located

2K supply line from the Level vessel (weld),
not at the cavity or He-Vessel.

Lutz Lilje, DESY, TILC08
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Frequenzverlauf bei Drucktest C26 im H1
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Second Warm Test at 290K

Test procedure:

C26 ~290K
Raum 1: 1,0bar / Frequency measured
Raum 2: ~3x10E-8mbar
Raum 3: ~1,6x10E-5mbar
He-Raum (1) in steps to impress with warm He:
2,0 bar / Frequency measured
1,0 bar / fr measured
3,45 bar / fr measured
1,0 bar / fr measured
4,2 bar / fr measured
1,0 bar / fr measured
5,3 bar / fr measured
1,0 bar / fr measured
6,2 bar / fr measured
6,2 bar for a 1/2h / fr measured
1,0 bar / fr measured

Above 6,2 bar fr ~100kHz higher on 1,0bar before pressure test.
Up to 5,3bar steps no fr shift vs. 1.0bar measurements.
None detection of pressure or leak rate increase in the cavity or insulation vacuum
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Frequenzverlauf bei Drucktest C26 im H1
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Second Cold Test at 2K

- Test procedure:
- Cauvity stable at 2K/31mbar — fr on-resonance
- Frequency and field flatness checked

- Frequency could be tune.
- Field flatness unbalanced — impact from the warm test

Lutz Lilje, DESY, TILC08
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Cavity Spectrum at 4 a. 2K
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Pressure Test: Conclusion and Next Steps

* Pressure Test results
— At 2K
» Until 6.2 bar Cavity and Tuner system only elastic deformations
— At 295K
» Until 5,3bar Cavity and Tunersystem only elastic deformations
» Over 5.3bar plastic deformations on the Cavity und Tunersystem

* Next steps:
— Prepare the Cavity for simple spectrum measurements at 295K
— Pressure test in the work shop (water)

» Measurements at Cavity flanges and the Tunersystem with
micrometer to figure out what are the “instable components”

» Pressure test with tuner clamps (Pratzen) and disassemble
tunersystem

» Pressure test for the series will be done with clamps.
— To retest with a 800°C Cavity under same conditions
» C26 is 1400°C treated

— The goal is to verify if it possible to certified a Cavity/He-Vessel with a
simple cheap test at 5.8bar

» 4.0bar is the specified max. pressure in XFEL — 4.0x1.43=5.72bar

5@ 19
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Venting of the Coupler Vacuum

* Preparation for crash tests

— would like to escalate the desaster level in a reasonable
way to maximise information from test

» Correct scheduling of tests is important
— In other words: At which stage are we seriously start
destroying things?
« Check whether ceramic breaks in a fast vent with
nitrogen

* Results
— Ceramic does not break
— No leak occured
» Cross-checked after pumpdown
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Summary and Outlook

* Pressure test
— No detuning of the cavity in cold
— Development of a simple pressure test for the series
» Warm condition up to ~6 bar

* Venting test
— Ceramic did not break, no leak

 Module crash test
— Safety authorities will take part

— Series of test with careful escalation of level of
destruction

» Starting this week
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